
GASIFICATION REACTIVITIES OF SOLID BIOMASS m L S  

Antero Moilanen, Esa Kurkela 
W T  Energy; P.O.Box 1601, FIN-02044 FINLAND 

Keywords: Biomass, ,gasification, reactivity 

INT~DOCTION 
The design and operation of the biomass based gasification processes 
require knowledge *ut the biomass feedstocks characteristics and 
their typical gasification behaviour in the process. In this Study, 
the gasification reactivities of various biomasses were investigated 
in laboratory scale Pressurised Thermogravimetric apparatus (PTG) 
and in khe PDU-scale (process Development Unit) Pressurised 
Fluidised-Bed (pm) gasification test facility of VTT (Figure 1). 

EXPERIMENTAL 
In PTG, the effects of individual process parameters (relevant to 
pressurized 'fluidiaed gasification) on gasification rate were 
studied using following parameter ranges: gasification agent (C02, 
H,O), temperature (700 - 1 o O O " C ) ,  pressure (1-30 bar). With some 
Samples, also the effect of product gas on gasification rate was 
tested. 

The characteristics of the samples are presented in Table 1. The 
selected samples are part of a biomass sample collection analysed in 
the EU-project (European Union) belonging JOULE I1 Program /I/. 

The gasification rate measurements were carried out in the pressur- 
ised thennobalance (PTG), which is presented schematically in Figure 
1. A more detailed description of its operation has been presented 
in /2/. The tests were carried out isothermally by lowering down the 
sample of about 50 mg in size to the reactor with the winch system 
equipped in the PTG. During this time, the sample was pyrolysed when 
it heated up to the reaction temperature at an estimated rate of 
above 10K/s. The weight change, which was recorded during this ap- 
proximately 60 seconds period, was due to, mainly, the pyrolysis of 
the sample and the buoyancy phenomena. After this period, the weight 
change due to the gasification (and eventual postpyrolysis) was 
monitored. 

In the fluidized-bed gasification tests, air and a small amount of 
steam were used as gasification agents. The feedstock and dolomite 
were fed into the lower part of the bed and part of the fines 
elutriated from the fluidized-bed were separated in the primary 
cyclone and recycled back to the bed. The fines separated by the 
secondary cyclone and the ceramic filter unit were collected, 
weighed and sampled. The main variable in the tests was the gasifi- 
cation temperature, which was controlled by changing the air-to-fuel 
ratio. 

The carbon conversion data for three biomass fuels are presented 
together with data for two bituminous coals and Rhenish brown coal. 
The feedstock analyses are shown in Table 2. Examples of the opera- 
tion conditions and process data for the different fuels are pre- 
sented in Table 4. 

RESULTS 
The gasification rates obtained from the PTG measurements are shown 
in Table 3 as a function of CO, and H,O pressure measured at 850'c. 
The gasification rate denoted as r'' is indicated as an instantaneous 
gasification rate, i.e. mass change rate divided by residual ash- 
free mass (%/min). The conversion used indicates the burn-off of the 
whole fuel including the mass loss due moisture and pyrolysis re- 
lease. In Figure 2. the conversion behaviour, i.e. r" vs. conver- 
sion, is given for the fuels which were gasified also in the P m .  

The PTG tests show that there are great differences in gasification 
rates between various fuels. The preliminary correlations between 
gasification rates and ash composition indicated that, eswcially, 
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the rates at higher fuel conversions seemed to decrease with in- 
creasing silica content in the fuel. This indicates that catalyti- 
cally active ash components can loose their activity due to 
reactions with silica, or due to sintering behaviour. Also, adding a 
product gas component to the gasification gas decreased radically 
the gasification rate. For example, the gasification rate (r") of 
wheat straw decreased from 27 %/min to lO%/min when CO was added 10% 
to C02 at 30 bar pressure. 

The carbon conversions of the PFB tests shown in Table 4 are calcu- 
lated from the material balances. The great differences between the 
gasification behavior of the five feedstocks used in PFB measure- 
ments can be clearly seen by comparing the data shown in Figure 3. 
Only the two bituminous coals seemed to behave more or less simi- 
larly and a strong and clear correlation was found between carbon 
conversion and equivalence ratio ' (or temperature). With these fuels 
it took several hours to reach steady state char inventory in the 
bed and also in the freeboard and in the recycling loop. 

The three different biomass fuels had also clearly different gasifi- 
cation behavior. In gasification of pine sawdust, very high carbon 
conversions could be achieved already at relatively low tempera- 
tures, while bark and straw were more difficult to be completely 
gasified. In the case of straw gasification high conversion effi- 
ciencies could be achieved at above 850°C, but unfortunately sinter- 
ing of the straw ash caused severe operational problems. Pine bark 
did not have problematic ash sintering behavior, but has a clearly 
lower reactivity than wood or straw. Consequently high gasification 
temperatures and efficient recycling of elutriated fines are re- 
quired with pine bark to reach high conversion efficiencies. 

Rhenish brown coal is an excellent feedstock for fluidized-bed gasi- 
fication and over 95 % carbon conversion could be reached already at 
about 900 'C temperature. This fuel has also a high reactivity meas- 
ured in PTG /3/. 

The results of this study shows that gasification reactivities of 
the biomasses can differ greatly from each other. The comparison of 
the results between PTG and PFB shows that the gasification rates 
measured in PTG have the same order as the reactivities in PFB based 
on achieved carbon conversion calculations. 
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Table la. The characteristics of the feedstock samples, wt%, dry 
basis 

V.M.: Volatrle Matter Content, F.C.: Fixed Carbon 

34.7 53.0 75.8 
53.2 42.7 18.2 
12.1 4.3 6.1 

71.9 63.8 46.1 
4.9 4.6 5.6 
1.5 0.8 0.52 
1.0 0.3 0.08 
8.6 26.2 41.6 
12.1 4.3 6.1 

I I 

Kenaf 6.6 3.6 2 . 1  30.8 6 . 0 2 6 . 5  2 . 5  0 . 0 8  5.7  5.5 

Table 2. The analyses of the feedstock materials used in the flui- 
dised bed tests. 

H 
Moisture content, 

wt-% 
Proximate analysis, 

Volatile matter 
Fixed carbon 
Ash 

wt-% d.b. 

Ultimate analysis, 
wt-% d.b. 

C 

0 (diff.) 
Ash 

Polish Colom- Rhenieh Wheat 

1.6-6.7 11.5-12.2 

- 
Pine 

sawdust 

6.1-16 

83.1 
16.8 
0.08 

51.0 
6.0 
0.08 

c 0.01 
42.8 
0.08 

= 
Pine 
bark 

5 . 6 - 6 . '  

71.8 
26.7 
1.6 

53.9 
5.8 
0.35 
0.03 
38.4 
1.. 6 

i 

/ 
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T a b l e  3 .  The instantaneous gasif icat ion rates  of the samples a t  the 

Pine saw dust 
Pine bark 

Forest residue 

- 
27 39 22 43 25  25  50  71 
9 16 7 13 7 13  44 71 

18 20 na na na na na na 

T a b l e  4 .  Operational data on typical set p o i n t s  with different 
f 11s. 

Polish 
Coal 

85 .5  1 96 .2  

1 1 . 1  

+ 
6 . 9  16 .4  

1 0 . 8  1 0 . 0  
8 . 1  1 2 . 0  
0 . 9  1 . 1  
0.00 0 .02  
1 8 . 3  7 . 3  
0 .14  0 . 1 9  

0 .058  0 .017  
5 4 . 8  53 .0  

= 
Wheat 
straw 

0 . 3  
13 .30  
11 .70  
2 1 . 2  
1 .81  
3 . 6  

0 . 3 1  
4 . 6  

0 
0 . 5  
772 

848 

- 
- 

- 

- 

- 

- 
- 
- 
- 
- 

83 .4  
9 3 . 9  

9 3 . 9  

0 
2 . 1  
2 . 5  

9 8 . 5  

- 

- 

9 . 0  
1 1 . 5  
4 .O 
3 . 6  

0 . 7 8  
2 3 . 9  
0 . 1 5  
0.014 
4 7 . 1  - 

0 . 8  

1- 
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Figure 1. The pressurised thermogravimetric apparatus and pressur- 
ized fluidized-bed gasification test facility used in the study. 
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Figure 2. The gasification rate r" vs. fuel conversion X of CO, and 
H,o gasification in 1 and 30 bar pressures and at 8 5 O O C .  

POLISH COAL COLOMBIAN COAL RHENISH EC WHEAT STRAW 
61 0 *-.. -.e.. 

- 4. . -- .  0 

- - 
PINE WOOD PINE BARK BiT.COALS 

CCONVERSION VS FREEBOARD TEMPERATURE 

100 

90 

aR 
2 80 
Q 
v) E 
8 

70 

693 


